of Arabidopsis thaliana that differ in their GLS composition and concentrations and one 32 transformed line that constitutively produces higher concentrations of aliphatic GLS were 33 used, the latter allowing a direct assessment of the effects of aliphatic GLS on insect 34 performance.
the mix of GLS), of both uninfested and herbivore-infested plants were measured. We 
142
Over-expression effect: As averaged over the three herbivore treatments, Col-0-143 MYB28 plants contained higher aliphatic GLS concentrations than Col-0 plants (ANOVA,
144
F 2,54 = 19.18, P < 0.001). However, there was an interaction between the effect of the A. 145 thaliana line (Col-0 or Col-0-MYB28) and the herbivore treatment (ANOVA, F 2,54 = 5.38, P 146 = 0.007), because herbivore feeding did not induce aliphatic GLS in Col-0-MYB28 plants, whereas it did in Col-0 plants. As a result, aliphatic GLS concentrations did not differ 148 between herbivore-infested Col-0 and herbivore-infested Col-0-MYB28 plants (Fig. 1 ).
149
Concentrations of indole GLS did not differ between Col-0 and Col-0-MYB28 plants, but 150 were induced significantly by herbivore feeding in both Col-0 and Col-0-MYB28 plants
151
(ANOVA, herbivore treatment: F 2,54 = 22.86, P < 0.001; A. thaliana line and interaction: P > 152 0.05; Fig. 1 This study showed that effects of GLS cascaded in a multitrophic system consisting of A. 
Induction of GLS by herbivory

242
Feeding by the generalist S. exigua and the specialist P. rapae induced both aliphatic and 243 indole GLS concentrations in the three A. thaliana ecotypes. Effects of herbivore feeding on 244 the induction of GLS were more apparent for indole GLS than for aliphatic GLS, which is a 245 general trend in GLS-containing plants that are attacked by herbivores (Gols et al., 2008b; 246 Mewis et al., 2006; Textor and Gershenzon, 2009) . Feeding by S. exigua and P. rapae 247 resulted in similar induction strength of GLS and in similar GLS profiles after induction.
Herbivory also induced indole GLS concentrations in plants of the genetically
249
transformed Col-0-MYB28 line that produced higher concentrations of aliphatic GLS.
250
Unexpectedly, herbivore feeding did not induce aliphatic GLS in these transformed plants.
251
Most likely, the physiological maximum production of aliphatic GLS by Col-0 had been 252 reached by inserting the HAG1/MYB28 transcription factor behind a constitutive promoter.
254
Effects of GLS on the two herbivores
255
Both the generalist S. exigua and the specialist P. rapae developed slower and into smaller 256 adults on the A. thaliana ecotype with the highest aliphatic GLS concentrations, and vice 257 versa on the A. thaliana ecotype with the lowest aliphatic GLS concentrations. Thus, aliphatic
258
GLS concentrations seemed to be important in determining performance of both the generalist 259 and the specialist herbivore. As expected, survival was much lower and the difference in 260 performance among the ecotypes was larger for the generalist S. exigua than for the specialist 261 P. rapae. Pieris rapae possesses a nitrile-specifier protein (NSP) that diverts GLS degradation 262 from toxic isothiocyanates to less toxic nitriles (Wittstock et al., 2004) . However, despite the 263 NSP, a negative correlation between GLS concentrations and the performance of P. rapae 264 was observed. There are several potential explanations for this negative effect. Pieris rapae 265 excretes isothiocyanates in the faeces (Agelopoulos et al., 1995) , suggesting that it cannot 266 completely prevent formation of isothiocyanates by NSP-activity. NSP is probably not 267 equally efficient in inhibiting the breakdown all GLS compounds into toxic products (Gols et 268 al., 2008b; H. Vogel personal communication) . The nitriles formed as a result of NSP-activity 269 might still be moderately toxic to P. rapae (Burow and Wittstock, 2009; Hopkins et al., 270 2009). Alternatively, higher GLS concentrations might induce enhanced NSP biosynthesis 271 that incurs higher energetic costs for the insect. Our finding of a negative correlation between 272 GLS and herbivore performance are in agreement with other studies using S. exigua (Arany et al., 2008; Gigolashvili et al., 2007; Müller et al., 2010) and P. rapae (Agrawal and Kurashige, 274 2003). However, opposite to our findings, two other studies did not find major changes in 275 larval development of P. rapae due to increased aliphatic GLS concentrations (Gols et al., 276 2008b; Müller et al., 2010) . Perhaps this was due to a difference in the strain of P. rapae or 277 the plant species that was used.
278
To experimentally test whether aliphatic GLS affect the performance of the two 279 herbivores, herbivore performance on Col-0 and Col-0-MYB28 plants was compared. As 280 expected based on the higher concentrations of aliphatic GLS, herbivore survival, 281 development rate and adult size were lower on Col-0-MYB28 plants than on Col-0 plants.
282
However, these negative effects were only statistically significant for P. rapae, probably due Because the A. thaliana ecotypes/lines did not differ in indole GLS, effects of indole 296 GLS on the performance of S. exigua and P. rapae could not be tested. Negative correlations between indole GLS concentrations and performance of S. exigua (Müller et al., 2010) and P. 298 rapae (Gols et al., 2008a; Gols et al., 2008b; Müller et al., 2010) have been reported before.
299
Performance of the herbivores might not have been affected only by total aliphatic or 300 indole GLS concentrations, but also by specific compounds. The multivariate analysis mostly 301 separated the GLS profile of Cvi plants from the profile of the other two ecotypes, which 302 corresponded to the largest difference in herbivore performance. It has been proposed that 303 specific GLS can shape insect performance and abundance more strongly than total 304 concentrations of these compounds (Kos et al., 2011a; Poelman et al., 2009) , and that plants 
Effects of GLS on the third trophic level
311
The percentage of successful parasitism of P. rapae by the parasitoid wasp H. ebeninus was 312 affected by the A. thaliana ecotype that its host developed on. Interestingly, the percentage of 313 successful parasitism was highest on the ecotype on which the performance of the host was 314 lowest, and vice versa, although not all pair-wise differences were statistically significant.
315
Larvae of P. rapae have an immune system that enables them to encapsulate the eggs of their 316 parasitoids, leading to egg death. Larval wt of P. rapae correlates positively with 317 encapsulation rates and the strength of induced plant defences correlates negatively with 318 encapsulation rates (Bukovinszky et al., 2009 ). However, it is unclear whether the 329 H. ebeninus larvae were actually exposed to GLS or their hydrolysis products. Direct effects 330 of GLS and their hydrolysis products on the performance of parasitoids have never been 331 studied, and it is not known whether parasitoids have the ability to detoxify GLS or their 332 hydrolysis products ).
333
Volatile breakdown products of GLS have been shown to attract several specialist 334 parasitoids of herbivores that feed on GLS-containing plants (Blande et al., 2007; Bradburne 335 and Mithen, 2000; Mumm et al., 2008) . Whether this is also true for H. ebeninus is presently 336 not known. removed from the plants and the remaining leaf material was harvested for GLS extraction.
408
GLS could not be extracted from the same plants on which herbivore performance was tested, foliar GLS content was assessed using high-performance liquid chromatography (HPLC).
414
GLS detection was performed with a photodiode array detector set at 229 nm as the 415 integration wavelength. Different concentrations of sinigrin (Acros, New Jersey, USA) were 416 used as an external standard. The correction factors at 229 nm from Buchner (1987) and the
417
European Community (1990) were used to calculate the concentrations of the GLS. Jena, Germany) and a certified rapeseed standard (Community Bureau of Reference, Brussels,
421
Belgium, code BCR-367 R).
Insect performance
424
The performance of S. exigua, P. rapae and H. ebeninus was tested in no-choice situations in 
Hyposoter ebeninus performance
441
Twenty mated female H. ebeninus adults of five-to-seven days old were collected from the 442 stock rearing. Second instar (three day old) P. rapae larvae that were reared on one of each of 443 the A. thaliana ecotypes/lines were exposed individually to a female parasitoid on a feeding-444 damaged leaf until parasitisation was observed (i.e. when the female inserted her ovipositor 445 in the larva). Two parasitized larvae were transferred to one A. thaliana plant of the same 446 ecotype/line as the one on which these larvae had been reared. a Different letters denote differences in means among the three ecotypes as analysed by logistic regression and post-hoc T-probability tests (survival) or ANOVA (development time and dry wt); b * denotes significant difference and ns denotes non-significant difference between Col-0 and Col-0-MYB28 as analysed by logistic regression and post-hoc T-probability tests (survival) or ANOVA (development time and dry wt). Table S2 in the Supplementary material for the scientific names of all GLS compounds. Fig. 3 . Neonate-to-adult development time in days (A) and adult dry wt in mg (B) (mean + SE) of Spodoptera exigua and Pieris rapae when feeding on three Arabidopsis thaliana ecotypes (Cvi, Eri and Col-0) and one transformed line that that produces higher levels of aliphatic glucosinolates (Col-0-MYB28). Within a herbivore species, different letters (small letters for S. exigua and capital letters for P. rapae) above the bars indicate significant differences among the A. thaliana ecotypes at the level of P < 0.05 (post-hoc Tukey tests).
A. thaliana
Differences in herbivore performance between Col-0 and Col-0-MYB28 plants are indicated by the letters above the horizontal line (small letters for S. exigua and capital letters for P. rapae). n tested is indicated in each bar. 
